There is growing evidence that temperament/personality factors are associated with immune function and health-related outcomes. Neuroticism, in particular, is a risk-factor for several diseases, many with a strong inflammatory component. We propose that neuroticism (or nervous temperament in monkeys) is related to dysregulation of immune function by glucocorticoids. The present study tested the hypothesis that animals with a nervous temperament would show no relationship between cortisol concentrations and leukocyte numbers in peripheral blood (an easily obtainable measure of glucocorticoidmediated immune function), while animals low on this factor would show expected relationships. Infant rhesus monkeys (n = 1507) experienced a standardized testing procedure involving blood sampling, behavioral tests, and temperament ratings. Results confirmed the hypothesis: low-nervous animals showed the expected positive relationship between cortisol levels and neutrophil numbers, while high-nervous animals showed no relationship. High-nervous animals also showed elevated cortisol concentrations at most sample points, and responded to a human challenge with more negative emotional behavior. These data suggest that individuals with a nervous temperament show evidence of glucocorticoid desensitization of immune cells. Differences with other studies, including the specific types of leukocytes that are affected, are discussed, and implications for disease processes are suggested.
a b s t r a c t
There is growing evidence that temperament/personality factors are associated with immune function and health-related outcomes. Neuroticism, in particular, is a risk-factor for several diseases, many with a strong inflammatory component. We propose that neuroticism (or nervous temperament in monkeys) is related to dysregulation of immune function by glucocorticoids. The present study tested the hypothesis that animals with a nervous temperament would show no relationship between cortisol concentrations and leukocyte numbers in peripheral blood (an easily obtainable measure of glucocorticoidmediated immune function), while animals low on this factor would show expected relationships. Infant rhesus monkeys (n = 1507) experienced a standardized testing procedure involving blood sampling, behavioral tests, and temperament ratings. Results confirmed the hypothesis: low-nervous animals showed the expected positive relationship between cortisol levels and neutrophil numbers, while high-nervous animals showed no relationship. High-nervous animals also showed elevated cortisol concentrations at most sample points, and responded to a human challenge with more negative emotional behavior. These data suggest that individuals with a nervous temperament show evidence of glucocorticoid desensitization of immune cells. Differences with other studies, including the specific types of leukocytes that are affected, are discussed, and implications for disease processes are suggested.
Ó 2010 Elsevier Inc. All rights reserved.
Introduction
The idea that stable differences in behavioral dispositions are associated with health-related outcomes is an ancient one, dating back at least to Greek and Roman times, when imbalances in bodily humors were believed to be associated both with temperament and physical disease (Capitanio, 2008) . While the humoral theory is no longer considered valid, empirical research has documented many links between personality or temperament traits (terms that I will use interchangeably), immune function, and health outcomes. Conceptually, the influence of such traits on health can occur via three broad, and not mutually exclusive, routes (Capitanio, in press). First, temperament can have an impact primarily through behavioral means. For example, the trait conscientiousness has long been known to be associated with longevity (Friedman, 2008) , and one suggested mechanism for this relationship has been through the role of conscientiousness on health behaviors: conscientious people tend to take better care of themselves (Bogg and Roberts, 2004) , which could translate into a longer lifespan. The other two ways in which temperament may influence health are more directly physiological. On the one hand, it is possible that individuals of a particular personality type are ''built" differently from others, in ways that could impact a disease process. Elsewhere, we have referred to this as a ''main effects" model (Capitanio, in press), and recently, we suggested an example of such a phenomenon: adult rhesus monkeys that were low in Sociability (a major personality dimension in human and non-human primates) had greater sympathetic innervation of lymph nodes compared to high-Sociable monkeys, and innervation density was negatively related to a tetanusspecific IgG response (Sloan et al., 2008) . An alternative to the main effects model is an interaction model: temperament can impact health via its role in affecting coping responses -in stressful circumstances, animals with different temperament characteristics may cope in ways that lead to differences in activation of stress-response systems that can then influence immune function and disease processes (e.g., Capitanio et al., 2008) .
Several studies have recently suggested that glucocorticoid (GC) regulation of inflammation may be a mechanism by which individuals may be at risk for inflammation-mediated disease. It has been long-known that one important physiologic role of GCs is to regulate immune function, and in particular, to counter inflammation
